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(57) Abstract: A valve gear comprising a housing provided with a passage, a valve member arranged within said housing, which is 
movable between a first, closed position, in which the passage is closed, and a second, open position, a piston connected to the valve 
CD member, which can oscillate in an at least substantially closed piston chamber, and locking means which are capable of holding the 
valve member periodically in the closed position, wherein the piston chamber is provided with at least three closable openings, which 
may each be in communication with gas pressure means, wherein the first opening and the second opening are each in communication 
with another part of the piston chamber separated therefrom by the piston, and which are open when the valve member is held in the 
closed position, and wherein the third opening is open during movement of the piston. 
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VALVE GEAR AND METHOD FOR OPENING AND CLOSING A PASSAGE 

5 The present invention relates to a valve gear comprising a 
housing provided with a passage, a valve member arranged 
within said housing, which is movable between a first, closed 
position, in which the passage is closed, and a second, open 
position. Such a valve gear is used inter alia in combustion 
10 engines, in piston expansion machines and in compressors. 

A problem that occurs with known valve gears is that the 
valve member opens and closes slowly, which limits the range 
of applications thereof. 

15 

German patent application No. 31 39 399 provides a valve gear 
for a combustion engine, which comprises a valve member 
which, being spring-supported, is capable of vibrating with 
an eigenf requency, locking means comprising passive elements 

20 for locking the valve member, and initiating means being 
controllable from outside the system for releasing the 
locking means. Energy for maintaining the movement of the 
valve member is supplied by a piston. This known valve gear 
is complicated, however, its energy consumption is not very 

25 efficient, and the duration of opening of the valve member is 
relatively long. 

The object of the present invention is to overcome one or 
more of the above drawbacks . 

30 

To that end the valve gear according to the invention 
comprises a piston connected to the valve member, which can 
oscillate in an at least substantially closed piston chamber, 
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and locking means which are capable of holding the valve 
member periodically, and preferably exclusively, in the 
closed position, wherein the piston chamber is provided with 
at least three closable openings, which may each be in 
5 communication with gas pressure means, wherein the first 

opening and the second opening are each in communication with 
another part of the piston chamber separated therefrom by the 
piston, and which are open when the valve member is held in 
the closed position, and wherein the third opening is open 

10 during movement of the piston. In this way gas pressure means 
can adjust predetermined gas pressure levels on either side 
of the piston through said first and said second opening 
during the period that the valve member is held in the closed 
position, wherein gas is supplied to the piston chamber or 

15 discharge therefrom through said third opening during the 
movement of the piston. 

The pressure levels and the supply and/or discharge of gas 
can be controlled for regulating the duration of opening, the 
20 supply and/or discharge of energy and the extent to which the 
valve opens. In addition, the valve gear is faster than the 
prior art valve gears, which renders it suitable for pre- 
compressed mixtures, for example, so that the combustion 
process takes place more efficiently, 

25 i 

Preferably, the first and the third opening are in 
communication with the part of the piston chamber remote from 
the valve member. The preset gas pressure level in the part 
of the piston chamber remote from the valve member is 

30 preferably higher than that in the part facing towards the 
valve member, for example 40 bar and 8 bar, respectively. 
Preferably, gas is discharged from the part of the piston 
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chamber remote from the valve member during movement of the 
piston. As a result, the pressure within said space during 
the return movement will be lower than during the inward 
movement, and energy will be supplied to the piston. The 
pressure within said space is restored during the period that 
the valve member is closed. Conversely, it is also possible, 
by setting a higher value for the third pressure, to allow 
gas to flow into said space and thus achieve a higher 
pressure than the first set pressure after the return 
movement. This may be necessary in some processes, if the 
valve member absorbs too much kinetic energy. 

Preferably, the locking means comprise a projection and a 
curved guideway, which are movable relative to each other, 
wherein the part of the guideway against which the projection 
abuts in the closed position of the valve member extends 
substantially transversely to the direction of movement of 
the valve member, in such a manner that the movement of the 
valve member is blocked. Furthermore, the locking means 
preferably comprise a tappet, which is capable of striking 
against the projection and/or the guideway to release the 
locked position thereof. The guideway is preferably formed in 
a rotatable sleeve, which can rotate around a stem within the 
housing, with said stem preferably linking the valve member 
and the piston together. The sleeve, the piston and/or the 
stem are preferably made of a light but nevertheless strong 
material, such as foamed aluminium or plastic, so as to 
reduce the mass inertia and/or the mass moment of inertia. 

The piston chamber and the valve member are preferably 
present in separate parts of the housing, which parts are 
resiliently connected, preferably by means of an elastic 
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ring. In this way the valve member is prevented from striking 
the valve seat violently with every cycle, which mighty 
eventually lead to the valve member breaking off. In 
addition, this achieves that the locking means can return to 
5 the locked position before the valve member fully closes the 
passage . 

The invention also relates to a method for opening and 
closing a passage, wherein a valve member mounted within a 

10 housing is reciprocated between a first, closed position, in 
which the passage is closed, and a second, open position, by 
means of a piston connected to the valve member, which piston 
oscillates within an at least substantially closed piston 
chamber, wherein locking means periodically hold the valve 

15 member in the closed position, and wherein the piston chamber 
is connected to gas pressure means, which set predetermined 
gas pressure levels on either side of the piston during the 
period that the valve member is held in the closed position, 
and wherein the gas is supplied to the piston chamber or 

20 discharged from the piston chamber during movement of the 
piston . 

The invention furthermore relates to a valve gear, whether or 
not in combination with the aforesaid aspects, comprising a 

25 housing provided with a passage, a valve member mounted 

within said housing, which is movable between a first, closed 
position, in which the passage is closed, and a second, open 
position, and locking means capable of periodically holding 
the valve member in the closed position, wherein the locking 

30 means comprise a projection and a curved guideway, which are 
movable relative to each other, wherein the part of the 
guideway against which the projection abuts in the closed 
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position of the valve member extends substantially 
transversely to the direction of movement of the valve member 
in the closed position of the valve member, in such a manner 
that the valve member is locked against movement. 

5 

The invention furthermore relates to a valve gear, whether or 
not in combination with the aforesaid aspects, comprising a 
housing provided with a passage, a valve member mounted 
within said housing, which is movable between a first, closed 

10 position, in which the passage is closed, and a second, open 
position, a piston connected to the valve member, which can 
oscillate in an at least substantially closed piston chamber, 
wherein the piston chamber and the valve member are 
preferably present in separate parts of the housing, which 

15 housing parts are resiliently connected, preferably by means 
of an elastic ring. 

The valve gears as described above are for example used in 
lift valves and slide valves as used in piston combustion 
20 engines, piston compressors and piston expansion machines. 

The invention will now be explained in more detail by means 
of an embodiment as shown in the Figures, in which: 

25 Figure 1A is a perspective, sectional view of a preferred 

embodiment of a valve gear according to the present invention 
in a first, closed position thereof; 

Figure IB is a perspective view of part of the valve gear of 
30 Figure 1A; 

Figure 2A is a perspective, sectional view of the valve gear 
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of Figure 1A in a second, open position thereof; and 

Figure 2B is a perspective, partially cut-away view of a part 
of the valve gear of Figure 2A. 

5 

Like parts are indicated by the same numerals in the Figures . 

A valve gear 1 comprises a housing comprised of house parts 
2, 3, 4, 5, in which a valve 7 is mounted, which valve 

10 comprises a valve member 8, which closes the opening 10 of 

the house part 2 in the position of use as shown. The valve 7 
furthermore comprises a stem built up of valve stem portions 
12 and 14, and a piston 16 mounted on one end of the valve 
stem 14, which is movable within the cylindrical space 18. A 

15 projection 20 is formed on the valve stem portion 14, which 
projection partially extends in radial direction, and which 
fits in a guideway 21 formed in locking means which, in the 
illustrated embodiment, comprise a cylinder 22 rotatably 
disposed within the housing part 3, on which a radially 

20 extending projection 24 is formed. A channel 26 is formed in 
a wall of the cylinder, parallel to the axis thereof, which 
channel connects to the channel 28 in the housing part 3 in 
the position of use as shown. The channel 26 connects to the 
space 18 with its other end 27. At the other side of the 

25 piston 16, the channel 32 formed in the housing part 5 opens 
into the space 18, which is closed by the valve 32. The valve 
32 is opened as a result of the piston 16 pushing against a 
projection on the valve 32, which extends into the piston 
chamber. In another embodiment the valve 32 can be actuated 

30 by external actuating means. 



Centrally provided in the piston 16 is a cavity, via which 
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the piston 16 fits round a fixing pin 34, in which fixing pin 
a channel 36 is formed, which channel is connected to a third 
gas reservoir (not shown) . The unround fixing pin 34 fits the 
cavity of the piston 16 with a close fit and prevents the 
piston rotating about the axis of movement. Sufficient space 
is present between the fixing pin 34 and a wall of the cavity 
on the side of the mouth of channel 36 for allowing gas to 
flow into or out of the space 18 of via the channel 36. In 
the stable first, closed position, the gas is shut off by 
sealing rings 48, 49 disposed between the piston 16 on the 
one hand and the end wall of the piston chamber 18 and the 
pin portion 34, respectively, on the other hand. 

The valve member 8 functions to close the opening 10 in the 
housing part 2 and separates a combustion chamber or working 
cylinder 38 (only partially shown) from an inlet channel 40. 
In the preferred embodiment as shown, a channel 42 is 
furthermore formed in the housing part 2 for the purpose of 
placing the space 44 in communication with the channel 40 for 
compensating the force being exerted on the valve member 8 by 
the pressure that prevails in the channel 40. The spring 46, 
which may be made of any suitable material, such as rubber or 
a synthetic material, is biased between the housing part 2 
and the housing part 3, so that the valve member presses onto 
the valve seats of the opening 10 with a predetermined force 
in the illustrated position of use. 

Figures 2A and/or B show the valve gear of Figure 1A in a 
second position of use thereof, in which the valve member 8 
leaves the opening 10 open. The projection 20 is now present 
at the other end of the guideway 21 formed in the wall of the 
cylinder 22. In this position of use, the space 18 is 
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furthermore in communication with the third air pressure 
reservoir (not shown) via the channel 36, and the cylinder 22 
is rotated through an angle of about 60* in comparison with 
the position as shown in Figure 1A, as a result of which the 
channel 26 has rotated along therewith, so that said channel 
is no longer in communication with the space 18 via the 
opening 27 in the housing part 6. 

The cylinder 22 is held in position in axial direction by the 
housing part 3, 6, being capable of rotation about the 
longitudinal axis of the valve 7. The cylinder 22 is provided 
with a concentric bore, within which the piston stem portion 
14 can move in longitudinal direction. One end of the 
guideway 21 present on the side of the piston extends 
substantially transversely to the longitudinal direction of 
the valve 7, whilst the other end, which is present on the 
side of the valve member 8, extends substantially in the 
longitudinal direction of the valve 7 . The valve gear 1 may 
also be embodied to have two or more projections 20 and two 
or more corresponding guideways 21. The guideway 21 limits 
the freedom of movement of the projection 20 between a first, 
stable position, in which the valve is closed, and a second 
position, in which the valve 7 is maximally open. The valve 7 
is prevented from opening in said first, stable position in 
that the wall of the guideway 21 exerts a force to the right 
on the projection 20, substantially perpendicularly to the 
wall of the guideway 21. 

The pressures that prevail in the space 18 to the left and 
the right of the piston 16 can be separately adjusted during 
the time that the piston is stationary in the stable position 
thereof. To the right of the piston 16 a first pressure is 
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built up as a result of a gas being supplied via the channel 
30 from a first reservoir (not shown) , in which a relatively 
high pressure prevails, whereas to the left of the piston 16 
a second pressure is built up via the channel 2 6 from a 
second reservoir (not shown) , in which the prevailing gas 
pressure is lower than the gas pressure in the first 
reservoir . 

As a result of the difference in gas pressure between the 
left-hand side and the right-hand side of the piston chamber 
18, an action force to the left is exerted on the piston 16. 
When the valve 7 is required to open, initiating means (not 
shown) mounted in the housing part 3, which may comprise a 
tappet, after example, will exert a pushing force on the 
projection 14 , as a result of which the locking engagement 
will be released- The action force will cause the piston to 
move to the left, seen in Figure 1A, with the projection 20 
moving through the guideway 21, so that the cylinder 22 will 
make a rotating movement and the communication between the 
channel 208 and the channel 26 will be interrupted. In 
addition to that, the valve 32 will be closed. 

The proportion between the first high gas pressure, which is 
set via the channel 30, and the second, lower pressure, which 
is set via the channel 26, is such that when the gas to the 
right of the cylinder 16 expands, the gas pressures in the 
space 18 to the left and to the right of the piston 16 will 
be substantially in equilibrium when the piston is positioned 
a substantially in the middle of the space 18. The piston 
will continue to move on account of the inertia of the mass 
of the valve 7. The piston 16 will now experience a resulting 
force from the compressed gas to the left of the piston and 
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the reduced gas pressure to the right of the piston 16 in the 
direction of the stable first position, so that the piston 
will return to the first position after having travelled its 
maximum distance. The maximum amount of travel is determined 
5 by the first, the second and the third gas pressure. 

The energy losses, for example caused by friction, lead to 
the amount of travel being reduced. In order to compensate 
for this, new energy must be supplied. To that end, the 

10 channel 36 is placed into communication with the space 18 as 
soon as the piston starts to move from the stable first 
position, so that gas will not flow to a third reservoir (not 
shown) . On account of the lower pressure it effects, said 
discharged gas gives the piston 16 the required additional 

15 kinetic energy. 

If the process in which the valve 7 operates is such that 
kinetic energy is supplied to the valve 7, it will be 
necessary to extract energy from the piston 16. As a result, 
20 gas will flow into the piston chamber 18 via the channel 36 
during the movement of the piston 16, and the piston 16 will 
experience a higher counterpressure during its return 
movement, due to a higher gas pressure. 

25 If the valve 7 is released sufficiently quickly by the 

cylinder 22 of the locking means, the valve 7 will make a 
free, damped oscillating movement. The angle that the 
guideway 21 includes with the longitudinal direction of the 
valve 7 determines the magnitude of the rotational force that 

30 the cylinder 22 experiences as a result of the impulse force. 
Near the stable situation, said angle is small enough to 
prevent the rotational force from rotating the cylinder 22 
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against the frictional force set up between the cylinder 22 
and the housing part 3, 6. The guideway 21 is configured such 
that the rotational speed of the cylinder 22 will remain 
sufficiently high in the rotational range from 0 to 20 
5 degrees when the piston speed decreases. 

A control device (not shown) presets the desired first, 
second and third gas pressures in dependence on the process 
conditions, such as the number of revolutions, the load and 

10 the delivery pressure in the channel 40. The opening period 
of the valve and the supply and discharge of energy are thus 
determined. In a further embodiment, an additional control 
device is provided, which measures the rotation of the 
cylinder 22 in relation to the first position and which 

15 corrects the first control device in dependence on any 

differences that are found (feedback) . A projection 24 for 
actuating the locking means is provided in the illustrated 
embodiment, which projection is given an impetus by a tappet 
(not shown) , which is driven by a biased spring, for example, 

20 or by an electromagnet. Also other manners of rotating the 
cylinder 22 from the stable first position are conceivable, 
however. One advantage of the illustrated embodiment is the 
fact that the impetus is imparted in such a manner that the 
tappet will return after having struck the projection and 

25 allow the projection to return to the first position without 
impediment. Thus the start of the movement can be reproduced 
relatively accurately. 

In a further embodiment (not shown) a second channel is 
30 formed in the wall of the cylinder 22, parallel to the 

channel 26, which second channel is in communication in the 
first position with a further reservoir (not shown) of 
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lubricating oil or a fluid having the same effect. The 
pressure in said reservoir is at least equal to or higher 
than the second gas pressure. When the cylinder 22 is in the 
first position, the space 18 to the left of the piston 16 is 
5 in communication with the channel for lubricating oil in the 
cylinder 22, so that lubricating oil can flow into the space 
18. The channel for lubricating oil is closed by the cylinder 
22 upon rotation of the cylinder 22. Any excess of 
lubricating oil can be discharged via the channel 26 when the 
10 cylinder 22 is in the first position- 
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CLAIMS 

1. A valve gear comprising a housing provided with a 

passage, a valve member arranged within said housing, 
5 which is movable between a first, closed position, in 

which the passage is closed, and a second, open 
position, a piston connected to the valve member, which 
can oscillate in an at least substantially closed piston 
chamber, and locking means which are capable of holding 

10 the valve member periodically in the closed position, 

wherein the piston chamber is provided with at least 
three closable openings, which may each be in 
communication with gas pressure means, wherein the first 
opening and the second opening are each in communication 

15 with another part of the piston chamber separated 

therefrom by the piston, and which are open when the 
valve member is held in the closed position, and wherein 
the third opening is open during movement of the piston . 

20 2. A valve gear according to claim 1, wherein the locking 

means comprise a projection and a curved guideway, which 
are movable relative to each other, wherein the part of 
the guideway against which the projection abuts in the 
closed position of the valve member extends 

25 substantially transversely to the direction of movement 

of the valve member, in such a manner that the movement 
of the valve member is blocked. 

3. A valve gear according to claim 2, wherein the locking 
30 means comprise a tappet, which is capable of striking 

against the projection and/or the guideway to release 
the locked position thereof. 
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4. A valve gear according to claim 2 or 3, wherein the 
guideway is formed in a rotatable sleeve, which can 
rotate around a stem within the housing, with the stem 
linking the valve member and the piston together. 

5. A valve gear according to any one of the preceding 
claims 1-4, wherein the piston chamber and the valve 
member are present in separate parts of the housing, 
which housing parts are resiliently connected. 

6. A valve gear according to claim 5, wherein the two 
housing parts are connected by means of an elastic ring. 

7. A method for opening and closing a passage, wherein a 
valve member mounted within a housing is reciprocated 
between a first, closed position, in which the passage 
is closed, and a second, open position, by means of a 
piston connected to the valve member, which piston 
oscillates within an at least substantially closed 
piston chamber, wherein locking means periodically hold 
the valve member in the closed position, and wherein the 
piston chamber is connected to gas pressure means, which 
set predetermined gas pressure levels on either side of 
the piston during the period that the valve member is 
held in the closed position, and wherein the gas is 
supplied to the piston chamber or discharged from the 
piston chamber during movement of the piston. 

8. A method according to claim 8, wherein gas is discharged 
from the part of the piston chamber remote from the 
valve member during movement of the piston. 
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9. A valve gear comprising a housing provided with a 

passage, a valve member mounted within said housing, 
which is movable between a first, closed position, in 
which the passage is closed, and a second, open 
position, a piston connected to the valve member, which 
can oscillate in an at least substantially closed piston 
chamber, wherein the piston chamber and the valve member 
are present in separate parts of the housing, which 
housing parts are resiliently connected- 



WO 2004/092550 



10/555247 

PCT/NL2003/000458 




SUBSTITUTE SHEET (RULE 26) 



WO 2004/092550 



!0/555247 

PCT/NL2003/000458 




SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



WO 2004/092550 



10/553247 

PCT/NL2003/000458 



4/4 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



IntemaUoj -Jlcatlon No 

PCT/NL 03/00458 



A. CLASSIFICATION OF SUBJECT MATTER , 

IPC 7 F01L9/02 F01L13/00 F01L1/46 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 FOIL 



Documentation searched other than minimum documentation to the extent that such documents are Included in the fields searched 



Electronic data base consulted during the International search (name of data base and, where practical, search terms used) 

EPO-Internal 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



EP 0 569 088 A (PHILIPS ELECTRONICS NV) 
10 November 1993 (1993-11-10) 
column 2, line 47,48 
column 3, line 28 -column 6, line 30 
figures 

DE 31 39 399 A (SULZER AG) 
14 April 1983 (1983-04-14) 
cited in the application 
the whole document 

US 4 061 115 A (PREDH0ME JR WILFRED F) 
6 December 1977 (1977-12-06) 
the whole document 



1 

7,9 



2,4 



□ 



Further documents are listed in the continuation of box C. 



patent family members are listed In annex. 



° Special categories of dted documents : 

•A' document defining the general stale of Ihe art which is not 

considered to be of particular relevance 
a E' earlier document but published on or after the international 

filing date 

'L' document which may throw doubts on priority clalm(s) or 
which Is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

■P" document published prior to the international filing date but 
later than the priority dale claimed 



'T* later document published after the International filing dale 
or priority date and not tn conflict with the application but 
died to understand the prlndple or theory underlying the 
invention 

•X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an Inventive step when the document Is taken alone 

'Y' document of particular relevance; the claimed Invention 

cannot be considered to Involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

"&" document member of the same patent family 



Date of the actual completion of the International search 



4 December 2003 



Date of maDIng of the International search report 



12/12/2003 



Name and malting address of the ISA 

European Patent Office. P.B. 5818 Patentlaan 2 
NL-2280HV Rljswljk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl, 
Fax (+31-70) 340-3016 



Authorized officer 



Klinger, T 



Form PCT/1SA/210 (second shoot) (July 1992) 



t 

1 


INTERNATIONAL SEARCH REPORT 


Intern atk Itaatlon No 

PCT/NL 03/00458 


Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 




EP 0569088 


A 


10-11-1993 


US 
EP 
JP 


5259345 A 
0569088 Al 
7269318 A 


09- 11-1993 

10- 11-1993 
17-10-1995 




DE 3139399 


A 


14-04-1983 


DE 
DK 


3139399 Al 
334082 A 


14-04-1983 
31-03-1983 



JP 58070013 A 26-04-1983 



US 4061115 A 06-12-1977 US RE30188 E 15-01-1980 



Form PCT/ISA/210 (patent family amax) (Jut/ 1832) 



WO 2004/092550 



10/553247 

PCT/NL2003/0004S8 




SUBSTITUTE SHEET (RULE 26) 



WO 2004/092550 



PCT/NL2003/000458 




SUBSTITUTE SHEET (RULE 26) 



WO 2004/092550 



tO/553247 

PCT/NL2003/000458 




WO 2004/092550 



10/553247 

PCT/NL2003/000458 




SUBSTITUTE SHEET (RULE 26) 



